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5 This Divention leiates to a method of ij^ng wastewater slud^ in the pioducfon of 
oomete. 

Nowadays, people are looking at finding waj^ of recycling their fefuse in a more 
environnnentaily friendly n^ner. One of the main sources of pollutant is wsstewaler 

10 sludge whbdi covers a variety of substances ranging from raw sewage, sludge 
containing tuin»n or anfrnal waste and liaecal rmtt^. to wa^ products created lay 
inchistiy. Wastewater sludge comes In many forms indudirig wastewater shjci^e. 
sludge cateand dried kludge caka lliiswastevtrater sludge must be disposed of bias 
envtonmentaliy friendiy a manner as possitiie, whitet also b^g dteposed of in as 

15 environmentally secure a ni»iner as posdble. 



Untfl now, the most popular methods of disposal have (seen to dump wasiewaler 
sludge at s^ or to send the wastewater sludge to landfill. Another popular m^od of 
disposal is to subject the wastewater to a blolos^cal process whereby the liquid and 
20 solids are separated before treating the Gqulds to extensive biotogical processes for 
subsequent recyding. The sofids that have been separated off bxb i^ially bidnerated 
orsenttotandfai Howev^, these nnelhods are t)eoomhg l^s visd:de as brid^ 
decreases and concern ov^ dumping at sea increases. 

25 Another m^od Involves the indnerafion of the wastewater sludge at temperature in 
excess of 1200^. Thb involves the consbrucSon of expensive spedally dedicated 
pbnts and has further rsused concern^ reiatihg to air pollutants enulted from these 
plants. There is also product a by-product from the indneratton fliat must be 
disposed of Isy way of kindfili or sea dumpnng. 

30 

Various attempts have been made to utiDse the sludge as ferfiGsers and the Ite, 
although this usage is Gnvted by govemmentol regulation and such use only accounts 
for a small percentage of ttie v\«stewater sludge produced. Before the sludge may be 
used as a fertiliser it must undergo composting which entails the decomposition of 
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sawage sludge under apptopriate conditions of moisture, temperature, volafite soSds 
content and In the presence of oxygen by microoiganisnfis. This is quits lengthy and 
time oonsun^g. 

5 other uses of the sludge have also l>een proposed sudi as that descaibed In Brffish 
Patent No. 2.256,862 (British Gss Pic) whidi teaches a method of producing concrete 
containing sewage sludge ash which is the waste by-product subsequent to 
incineraition of the sewage. This sewage sludge ash Is used as a substitute Ibr tnore 
expensive aggregates and is found to have good bonding charactertetfcs. However. 
10 this Involves the expensive incineration step to produce the sewage sludge ash which 
furttira- increases flie total cost of producing fte concrete and (fisposing of the 
wastewater slut^e. 

United States Patent Number 3.801.358 describes a method of making concrete using 
15 raw sewage and refise. Once ttie concrete has cured, it is impregnated vwth a 
monomer and ften heated or subjected to radration to cause polymerisation. This will 
help to vraterproof the concrete as weH as improving steriUsation of the concrete. In 
order to fadOtate anpregnation of the monomer, the concrete block is placed in a 
vacuum and thereafter the concrete block is allowed to soak in the monomer for a 
20 period of time. This is a complex process that r^uir^ expensive equipmrait to 
produce the concrete bhjcks. Furthennore, each concrete block takes a signfficant 
period of time to mate. 

WO 90/15205 dtao descrtt>es a buHdIng ^emnrt m wWch Una naSn constituents 
25 comprise cement, waste sludge and fibre ingredients such as woodchip. In order to 
avoM direct contact with the building element, it is advised that the btacks shouW be 
plastered both insWe and out In order to stabilise a stmclure bunt with tinese building 
elements, leguiaur concrete must be poured into the blocks cawty, the strength of ttie 
bunding element being relatively moderate. The appficant descril)es how the blocks 
30 are subtjected to compression for a treatment period of 24 hours. Again, these blocks 
win take a significant period of time to make and require coating with a plaster to 
render the bbcks suitable for contact. 

Heretofore, there has not been provided a method of using wastewater sludge in the 
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producGon of concn^e that vwD pro^de a concrete that fe ready to use that wfll not 
require ooverir^ the concrete with plaster or subjecting the concrete to radatfon or 
other such treatment in order to rend^ the concrete sufRdently sterile to use. 

5 It is an object.- therefore, of the present invention to provide a method of using 
wastewvater sludge in the production of concrete that overcomes at least son^ of the 
problems n^ntioned above and that Is inexpensive and satfefies the envlionmOTtal 
requffements for disposal of waste^Afater sludge. 

10 Statements of Invention 

Acooidihg to fte invenfion. there is piDvided a method of using wastewater sludge in 
the productfen of concrete comprising nrodng camfent, aggregate and wastewater 
sludge to form a concT^ mix characterised in that- 

15 

the additiohal step is earned out of minng the wastevrater sludge with 
an alkaline solution to adileve a wastewater sludge and alkaline 
solution mixture having a pH equal to or in excess of 11.5, prior to 
mixing wiUi the aggregate and the cement 

20 ' 

By using this method, the invention obviates the need for expensive indneraSon steps 
and utilises untreated raw wastewater sludge in the concrete. The concrete can then 
be used as a building product and thus avoids the need for having to send tiie 
wastewat^ sludge to landfiD. Furthenmore. by adding an alkaline sbkition to the 

25 wastewater sludge, there is no need to provide further stenlfeaHon steps such as 
subjectbig the concrete to heating or radiation. The concrete provkl^l wiD furfliermore 
not have to be covered In plaster to render it safe. Ther^ore. both an environnientelly 
friendly and economfcally effictent method is provided. Essentially tiiere is provided a 
very simple invention. The previously known methods of using wastewater sludge in 

30 the production of concrete have required elaborate and often relatively expensive 
processes to render tiie concrete suitable for use. The problem of providing a 
concrete that is ready to use that will not pose a contamination risk is solved by the 
invention descnlied above. Furthemriore, ttie problem of having to provide expensive 
machinery and lengfliy sanitising steps are obviated by tiie solution provided. 
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rn one embodiment of the Invention, the alkaline solution is a concrete hardener . It has 
been found that a concrete hardener may act as the alkaline solution and kQI bacteria 
present in the concrete mixture. Furthennore. the concrete hardener wfll help to 
5 harden the concrete mixture in due course and wiD not have a detrimental effect on the 
quafity of the concf^e produced. 

In another embodiment of the invention, the alkaHne solution has a pH of between 
12.5 and 14. Preferably, ttie alkaline solution has a pH of between 13.5 and 14. This 
10 vwB help to raise the pH level of the concrete mixture produced and wil further hmpiove 
the wa of bacteria In tiie wastewater sludge. The bacteria wlD be kilted off In a very 
short period of time, thereby obviating the need for extensive storage times and further 

sterilisation technk^ues. 

15 In a further embodiment of the invention, a bonding agent Is added to ttie concrete 
mix. By adding a bonding agent to tine concrete, there win be provided better adhesion 
of. the componait partides in tiie cononete. Preferably, the bonding agent used is 
carboxylated styrene butadiene alkali and will have a pH level in tiie region of 8 and 
1 1 . Thfe WiD furtiier help to improve ttie pH level of fl^e concrete ntixture. 

20 

In an& embodiment of the invention, flie wastewater sludge is in tiie form of dry sludge 
cake and water is add«J to the dry sludge cake, prior to Vne rriwng of tiie sludge with 
ttie cement and the aggregate. By adding water to ttie wastewater skjdge.ttiecomect 
amount of water vwll be present to produce a uniform concrste each time, ttien^ 
2 5 ensuring good qualty concrete each time. 

In anoflier embodiment of the Invention, a polymer is added to ttie wastewater sludge. 
The polymer wlB furtiier act as a bonding agent to ttie concrete provWing improved 
adtieskin pn^rfies to the concrete's oonqionente. 

30 

In a furtiier embodiment of tiie invention, ttie concrete is stored for between 28 days 
and 6 montiis. By storing tiie concrete for a sufffcient period of time, ttie concrete will 
be able to set which wiU furttier ensure ttiat aD bacteria are WDed off and ttiat ttie 
concrete adheres to healtti and safety stendards. 
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In one embodfrnent of the invenion, the aggregate comprises one or more of grey 
wacke stone, sand, sandstone, gravel, limestone, ccushed shale, cmshed seasheBs, 
pencH. Win dried sand, gift, pulwerised fuel ash. siag from steehworis. qutcldime and 
5 rK:ycled cmshed concrete. 

In a further embodiment of the Inventfon there is provided a method of using 
wastewater sludge in the production of concrete in which addilkMial cement is used 
instead of aggregate in the concrelB mixture. This may in some instances be more 
10 economical than providing further aggregates virtiilst edso providing a useable concrete 
mixture that contains a hi^ content of vi«8tBwater sludge. 

In another eniiodiment of.the invenlion. a detergent Is added to the concrete mix prior 
to curing.- By providing the detergent, further bacterial IdU may be adiieved. again 
15 providing a concrete suitabte for use in goods and products that confomri to health and 
saf^ standards. 

In a ftffther embodiment of the Invention, the alteiB solution added to the wastewater 
sludge Is Sika [Registeied Trade Marie (RTM)]. This is seen as particularty useful as 
20 Sika is both Inexpensive and effective in its function. The active ingredients of the 
strong alkaU preferably include one or nrwre of potes^um hydroidde. sodium ^undnate 
arid potassium carijonate. Aitemaflvely. instead of using Potassium HydraxUe to 
stabUise and sterilise the wastewater sludge. Sodium Hydroxide, Calcium Hydroxide or 
Barium Hydroxide could be used. 

25 

In one embodiment of the invention, the alkali solution is added to the wastewater 
sludge In the ratfo of betweeni 200 and 5:200 parts alkaU solution to parts wastewater 
sludge; Preferably, the alkali soiuflon is added to tiie wastewater sludge in tiie ratio of 
3:20o! These amounte are suffk^nt to see good bacterial Wll in ttie final concrete 
30 mixture. 

in anottier ^nbodiment of tiie invention, tiie wastewater sludge, cement and 
aggregate are mixed in a ratio of 1:1:6 by weight to fornn tiie concrete mix. This is 
seen as a particularty efficient mix and vwill provide a robust concrete product suitable 



for most uses. 



In a further embodiment of the invention, the blended concrete mix Is sealed in a 
heavy duty plastic container. This wiH further prevent any leaching of the concrete and 
wifl minimise the risk of conlaminatibn to the environment from any hamiful products 
remaining In the ws^water sludge and the concrete. 

In one embodiment of the Invention, there Is provided a concrete product made. In 
accordance with the method as described above. By having such a product, an 
inexpensive oonaele product Is provided, while also providing an. ailemalive way of 
disposing of the wastewater sludge in a more environmentally, ^friendly and cost 
efRdrant manner. 

In andher entoodiment of the Invention, the wastewater sludge comprises between 
8% and 55% of the concrete mixhjre. Alternatively, the wastewater sludge may 
comprise between 11% and 14% of the concrete mixture. Preferably, the wastewater 
sludge wfll comprise 12% by weight of the concrete mixture. This allows for a large 
quantity of wastewater sludge to be incorporated Into the concrete, while stfll 
maintaining all the strength properties necessary for the concrete to be used In 
construction. 

Detaiied DescrioHon of gie invention 

The inventioii wiH now be more cleariy understood finqm the followinng description of 
some embodiments thereof, given by way of example only, with reference to the 
accompanying drawing In which there is shown a diagrammatic lOustration of one fomn 
of suitable apparatus that may be used for canylng out the method of the Invention. 

Wastewater sludge Is fed from a container 1 to a mixing tmck 2 by way of a conveyor 
3. The conveyor 3 has load cells (not shown) connected thereto to carefully monitor 
the amount of wastewata" being defivered to the mixing track 2. The wastewater is 
placed in a paddte mixer 4 of the mixing tmok 2 wherein ft is blended with an alkali 
solution. Once the wastewater and alkafi solution have been mixed sufficiently, a 
pump 5 on the mixing tmck 2 Is actuated to pump the wastewater and alkali mixture 
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ttirough a fteOtite hose pipe 6 to a rrtxing drum 7 of a neaity concrete mixing truck 8. 
The rradng drum 7 has already contained therein a thoroughly Wended mixture of 
cement and aggregate. Once the alkali solution and the wastewater have tjeen added 
to the mfadng dmm 7 containing the aggregate and cement, the mfadng dmm 7 is 
rotated, thereby blending the materals contained therein to form a concrete niixture. 

The relative amounts of wastewater sludge, cement and aggregate are detennlned. 
depending on the strength and buring time requirements of the individual producing 
the conciele. The alkali solution blended with the wastewater sludge can be a 
concrete hardener such as that soM under the brand name SIka (RTM). The alkali will 
furttier act as a hardener as^sting fin the curfing time of «ie concrete nftc once Vne 
wastewater sludge and the dry mix. have been blended together. The wastewater 
sludge wiB be stebliised In that heavy elements such as phosphorus are physically 
stebQIsed within the matrix of the concrete and the sludge wiR also be sterilised in that 
the bacteria, vnuses or ottter Gving organisms normayy present in the sludge vwll be 
knied. 

In additfon to the strong alkafi. a bonding agent such as those soM under the 
Registered Trade Marks EVOSTICK, RONAFIX. or Polyvlniyl Acetate are further added 
to the wastewater shjdge to irhprove the pH value of fte concrete to be produced, 
whilst also improving the bonding properties of each of the main oomponente of the 
concrete. This concrete mix may then be used to constmct road sWe barriere, 
concrete verges, and the I9re. 

A equid detergent such as those produced by JEYES (RTWI). DETTOL (RTM) or 
FLASH (RTM) is added to the unsoTidified concrete mix to further elinunate any 
residual bacteria present in the wrastewater sludge. The Dquid detergent may be 
added to the concrete mix regardless of whether the alkali substances have been 
added. The concrete may then be poured into a heavy duty plastic container and 
sealed therein to avoid any risk of contemination to the environment by leeching of the 
concrete once it has been exposed to the elements. 

Some examples of a concrete mixture produced in accordance with the invenifon vwHI 
now be given. 



Example 1 



'1 Kg of wastewtfater sludge is mbeecl wBh 0.3 1^ of bonding agent "m a suitable 
container. Once the bonding agent and wastewater sludge iiave been sufficiently 
mixed together, 0.3 Kg of concrete hardener is added to the mixluie and sUmed in 
thoroughly to assist in the hardening process, as wefl as kflTing any bacteria present in 
the mixfajre. Separately. 6 Kg of aggregate is mbced with 1 Kg of cement to tbmn a diy 
mix. This diy mix Is then mixed with the wastewater sludge, hardening agent and 
bonding agent and blended together untfl a concrete rraxture is fbmned. Th'is concrete 
mixture may then be used for road oonstrucGon or other suitable purpose. 



A Mmpte of concrete made in accordance with the above exampte provided the 
following toxicity results for the main heavy metal contamination types, as shown In 
Table 1 below. 



Parameter 


Max. Value in Sludge 


Max. Value in Soil 


Value Leached 
from Concrete 


Cadmium 


20 


1 


0.176 mg/Kg 


Copper 


1000 


50 


0.846 mgAK^ 


Nickd 


300 


30 


0.96 mgA^ 


Lead 


750 


50 


0.18 mg/Kg. 


2^ 


2500 


150 


0.95 n^fKg 


Meroiiiy 


16 


1 


<0.025 mg/Kg 


ChromHmi 




3.5 kg/ha/yr 


1 .66 mg/Kg 



TABLE 1 



Fuifhemiore, various cube strength tests on random samples of the ooncreste were 
taken after hardening for 28 days. The measured strengths ranged from 3.0 to 6.0 
N/mm^ with an average of 4.5 N/mm^ It will be understood that by having more 
concrete contained within the mix, the average cube strength test results of 7 or 8 
Wrm^ were attainable. This provides an aggregate impact value of less than 25% 



vAndh suffident for as heavy duty ooncrete floor finishes in most jurisdictions. 
Furthermore, the 10% fines value In excess of 130 KN abo easily attainable with 
careful selection of aggr^ate. 

Example 2 

Fiv0 ntres of Sodium Aluminate, five litres of Potassium Hydroxide and five Btres of 
Potassium Cart)onat© are mixed together in a suitable mixing vessel. One ton of 
sludge cate at 15 to 20% dry solids is added to the nuxed Sodium Aluminate. 
Poteissium Hydroxide and Potassium Carbonate solution and blended with some 
aggregate untfl a ^riscous fiquM Is formed. Five fflies of bonding ^ent and 5 to 10 
Gtres of watw are then added to the viscous Hquid. Sepwarately, six tons of, aggregate is 
mbGsd with one ton of cement to form a diy mix that has the aggreg^e and cement 
evenly mixed throughout The blended mixture containing the sludge cake Is then 
added to the dry nux.for a period of l^eiween five to ten rrinutes to torm a concrete 
mbdure. The concrete mixture is then ready to be poured. Similar toxicity results for 
the main heavy metal contan^nation types as shown for the previous exanple In Table 
1 were achieved for the concrete nruxture of Example 2. 

It is envisaged that the rrrodng of the cement and aggregate could be peribmned m a 
standard concrete mixing tmck or other such simiiar device. The sewage sludge could 
be added to the dry mix once any additional hardening agents or bondhg agents had 
been thoroughly rtroced In witti the sewage sludge. The hardening and bonding agents 
could be pre^irixed v«Bi flie sewage sludge In a separate rrrodng vessel before being 
pumped Into ttie concrete mixing truck v«lh flie dry mix. It is envfeaiged that the 
hardening and bonding agents are mfared wlHi ttie sewage sludge at between 500 and 
1000 revolutions per mmute to thoroughly niix tiie components togetiier. Additional 
water may be added to tiie sewwage sludge, tf necessary, prior to mixing vwitti any 
hardening or bonding agents. 

It will be understood the aggregates used could be any one from a selection of 
crushed grey wacte stone, kiln dried sand, normal sand, gravel, grit, crushed 
sandstone, cmshed pencil, crushed shale, crushed seashells, crushed concrete, 
pulverised fuel ash, quicklime or any other sulteble type of stone. Slag from steel 



processing which is the slficate waste from steel blast furnaces could also be used 
as one attematlve aggregate material. Reinforcing materials such as glass fibre or 
steel can also be added as part of flie aggregate to further strengthen the 
concrete. The aggregates used will largely depend on the desired characteristics 
of the concrete to be pnxluced. The concrete produced in accordance with the 
Invention may itself be ciushed subsequent to setting and thereafter may be used 
as a fill material for road surfaces. 

The blended concrete mix could also be sealed In a heavy duty plastic container to 
prevent any risk of hamnftil materials being leached out of tt» concrete. As an 
aRemalive to a heavy duty plastic container a flbreglass coating or plasSc coaling may 
be appHed to concrete produced in accordance with the method to add further 
protection and additional strength to the concrete. 

In this specillcatfon, the temti "hardening agent" has been used to define a substance 
thsft wfll reduce the time necessary for the conaete mixture to set A concrete bondmg 
agent is used to desaibe a substance that is used to enhance the coheston of the 
individual ingredients, once mixed. In the examples described above it wil be 
understood that various ingredients in the todenlng agent act as stabilising and 
sanitizing components whereas various other higredients ac* as hardening 
components. Pqtessium Cartjonate or Aluminium Silicate would act as hardening 
components whereas Potassium Hydroxide would act as a stabilising and sanitising 
component Olher aHcaBnes that could be subsfituted for the Potassium Hydnsxide 
hdude Sodium Hydro>dde, Calcium Hydroxide or Barium HydnMdde or other sinruter 
substances. 

In this specification the tenns "comprise, comprises, comprised and comprising" as well 
as the tenns "include, includes, included and including" are deemed, totally 
interchangeable and should be afforded the widest possible Interpretation. 

The invention is in no way limited to the embodiment hereinbefore described, but nraiy 
be varied in both constmction and detail within the scope of the claims. 



A method of usnig wastewater sludge in the production of concrete connprising 
mixing cement, aggregate and wastewater sludge to fomn a concrete mix 
chaiacterised in that- 

the additional step is earned out of mixing the wasteiwater shidge with 
an alkaline solution to achieve a wastewater sludge and alkafine 
sbtuiion ntixtune hairing a fM equal to or in excess of 11.5, prfor to 
mbAig with the sggr^ate and the cement 

A'mettiod of using wastewater sludge In the production of concrete as cteimed 
HI cteilml. In which the alkaCne solution is a concrete frardener.. • 

A mettiod of using wastew^r sludge in the producfion of concrete as claimed 
in claim 1 or 2. in which the alkaline solution has a pH of between 12.5 and 14. 

A method of using wastewater sludge in the productton of concrete % ctelnr»d 
in claim 3, in which the alkafine «)lution has a pH of belween 13.5 and 14. 

A meOiod of using wastewater sludge in the production of concrete as daimed 
In any preceding daim. In whfch a Ijonding agent is added to the concr^ mbc 

A mettiod of using wastewater sludge in the fnoductkm of concrete as daimed 
in daim 5, in whteh the bonding agent is caiboxyteted slyrene butadiene alkaO. 

A method of using wastewater sludge In the production of concrete as daimed 
in cbim 5 or 6, In which the bonding agent has a pH level of between 8 and 1 1 . 

A method of using wastewater sludge in the production of concrete as claimed 
in any preceding daim, m which the wastewater sludge is In the form of diy 
sludge cake and water is added to the dry sludge cake, prior to the mbdng of 
the sludge vtnth the cement and the aggregate. 
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9. A method of using waslBwrater sludge In the product! 

In any preceding dalm. in which a polymer Is added to the wastewater sludge. 

. 10. Amethodof using wastewater sludge in the production of concrete as darned 
5 in any preceding cteum. in whi<* the concrete is stored for tietween 28 days 

and 6 months. 

11. A method of using wastBwraJer Sludge in the produoton of concietB as clai^ 
in any preceding dalm, in whicA.the aggr^ate comprises one or nnore of 

10 wadre stone, sand, sandstone, gravel. Omestone. cmshed shale, cnished 

seashells, pencil, quarried, kfln dried sand, grit, pulverised fuel ash, quicklime 
and recycled crushed concrete. 

12. A method of using wastewater sludge in the production of concrete ^ claimed 
15 m any of claims 1 to 10 In which additional cernent is used Instead of aggregate 

In the concrete mixture. 

13. A method of using wastewater sludge in the production of conaete as dabned 
In any preceding dalm, in which a detergent is added to the concrete mbc prior 

20 to curing. 

14. A m^od of u^ng wastewater sludge in the productiOT of concrete as cbiiiied 
in any preceding daim, in vwhlch the aUcafi solution added to the wastaMater 
^id^isSlka. 

25 

15. A mediod of using wastewater sludge in the production of concrete as daimed 
in any preceding daim. In which the alteli solution Is added to the wastewater 
sludge In the ratio of between 1:200 and 5-.200 parts alkali solution to parts 
wastewater sludge. 

so - 
le. A mettiod of using wastewater sludge in «ie production of concrete as claimed 
in daim 1 5, In whidi the alkafi solution is added to the wastewater dudge In the 
ratio of 3200. 
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17. A method of using wastewrater sludge in the production of concrete as claimed 
m any preceding daim, in which the wastewater sludge, cement and aggregate 
are nii)®d in a ratto of 1 :1 :6 by waght to fonn the conoBte mix. 

5 18. A method of using wastewater sludge in the production of concrete as claiiTwd 
in any preceding daim. in which the blended concrete mix is sealed in a heavy 
duty piaslfo: cont^ner. 

19. A mettiod of using wastewater sludge in the produciion of concrete as ciainted 
10 In any preceding daim. in which the wastewater sludge comprises between 8% 

and 55% of the oomaetB mixture. 

20. A method of using wastewater sludge In the production of concrete as claimed 
in daim 19. in which the wastetwater sludge comprises belween 11% and 14% 

15 of the concrete rraxlure. 

21 . ■ A method of using wasteawater sludge in the production of concrete ^ dabned 

in daim 19 or 20. in which the wastewater sludge comprises 12% of the 
concrete nwdure. 

20 

22. A cona^ product made in aoooidance With the method steps of any of claims 
1to21. 



25 



30 
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mglhod of iiftinti wiaslBw iater sludoe m <he production of concrete" 

5 (Fig.1) 

A method of using wastewater sludge in the production of concrete comprising mixing 
cement, aggregate and wastewater sludge to ibnn a concrete mix in which the 
additional step is cairied out of mixing the wastewater sludge with an allaline solution 

10 to achieve a wastewater sludge and alloaline solution mixture having a pH equal to or 
m excess of f1.5 prior to mixing with the aggregate and cement Such a method is a 
simple and efRdent method of producing ready usable concrete and will not require 
expensive sterifiMlion steps such as heat or radiation treatment The wastewater 
sludge is disposed of in an environmentally friendly manner and wfll not undeigo 

15 incineration or t»ve to Ije dumped at sea or landfiU. 



